Objective: This study was conducted using the human papillomavirus (HPV) DNA chip test (HDC), in order to determine whether the HPV genotype is a predictor of residual disease in a subsequent hysterectomy following a loop electrosurgical excision procedure (LEEP) for cervical intraepithelial neoplasia (CIN) 3. Methods: Between January 2002 and February 2015, a total of 189 patients who underwent a hysterectomy within 6 months of LEEP caused by CIN 3 were included in this study. We analyzed their epidemiological data, pathological parameters, high-risk HPV (HR-HPV) load as measured by the hybrid capture II assay, and HR-HPV genotype as measured by the HDC. A logistic regression model was used to analyze the relationship between covariates and the probability of residual disease in subsequent hysterectomy specimens. Results: Of the 189 patients, 92 (48.7%) had residual disease in the hysterectomy specimen, CIN 2 in seven patients, CIN 3 in 79 patients, IA1 cancer in five patients, and IA2 cancer in one patient. Using multivariate analysis, the results were as follows: cone margin positivity (odds ratio [OR], 2.43; 95% CI, 1.18 to 5.29; p<0.05), HPV viral load ≥220 relative light unit (OR, 2.98; 95% CI, 1.38 to 6.43; p<0.01), positive endocervical cytology (OR, 8.97; 95% CI, 3.81 to 21.13; p<0.001), and HPV-16 or HPV-18 positivity (OR, 9.07; 95% CI, 3.86 to 21.30; p<0.001). Conclusion: The HPV-16 or HPV-18 genotype is a reliable predictive factor of residual disease in a subsequent hysterectomy following a LEEP for CIN 3.
INTRODUCTION
Conization by a loop electrosurgical excision procedure (LEEP) is considered an appropriate treatment for cervical intraepithelial neoplasia (CIN) 3. The majority of CIN 1 lesions regress spontaneously, however less frequently, they may progress to CIN 2-3 [1, 2] . Once a lesion progresses to CIN 3, the rate of progression to invasive cancer dramatically increases, up to 12% [3] , with an approximate 100% progression rate if the observation period is long enough [4] .
Residual disease after incomplete excision by conization of CIN 3 is found in 29% to 57% of patients who subsequently undergo a hysterectomy [5, 6] . Therefore, accurate prediction of residual disease following conization is of utmost importance for the conservative treatment and counseling of patients with CIN 3. Without data regarding accurate prediction of residual disease after conization, physicians are left with difficulty in counseling patients with CIN 3 who desire definitive answers about the most appropriate next step.
Several clinicopathological factors including age, parity, menopausal status, cone margin status, and post-LEEP endocervical cytology, have been reported to be predictive of residual disease after conization [7] . With respect to human papillomavirus (HPV) DNA testing, highrisk HPV (HR-HPV) viral load as measured using the hybrid capture II assay (HC2; Digene Co., Gaithersburg, MD, USA) prior to conization has been evaluated as a predictor of residual disease in subsequent hysterectomy specimens [6] . In addition, a pre-hysterectomy HPV test has been proposed as a possible predictor of residual disease [6, 8] . However, the relationship between the HPV genotype and residual disease in a subsequent hysterectomy following conization is not yet established.
The aim of this study therefore, was to determine whether the HPV genotype is a predictor of residual disease in a subsequent hysterectomy following a LEEP for CIN 3.
MATERIALS AND METHODS
We retrospectively reviewed the records of all 2,571 patients with histologically-confirmed CIN 3, who had been treated by a LEEP at the Department of Obstetrics and Gynecology of Chonnam National University Hospital (CNUH) between January 2002 and February 2015.
One hundred eighty-nine patients were considered eligible for the current study if they fulfilled the following criteria: (1) histologically confirmed CIN 3 by a LEEP; (2) patients in whom both pre-LEEP HR-HPV test results from the HPV DNA chip test (HDC; MyGene Co., Seoul, Korea) and the HC2 were available; and (3) patients who underwent a hysterectomy within 6 months of LEEP. Epidemiological data, HR-HPV test data from the HDC and HC2, and pathological data were obtained from the medical records.
The LEEP was performed by one of the two gynecologic oncologists (SMK and WDK). The cervix was exposed using an adapted speculum allowing smoke evacuation. After the cervix was swabbed with Lugol's iodine solution to assist in locating the ectocervical margins of the lesion, 1 mL of vasoconstrictors was injected into each quadrant. The loop was selected according to the size of the area to be excised among 1×2 cm (width×length) sized loop, 1.5×1.5 cm (width×length) sized loop, and 2×2 cm (width×length) sized loop. When possible, the cervix lesion was excised en bloc for better orientation and margin status interpretation. When the exocervical lesion was too large to be accommodated by a single sweep, it was excised with two or more systematic sweeps, and the pieces of specimens were reassembled to original anatomic shape by the operator before sending it to pathology room to make the pathologists indicate the true excisional margins in specimens. The endocervical sweep was routinely performed using 1×2 cm (width×length) sized loop. A section was placed at the 12 o'clock position in the LEEP specimen for orientation, and the specimens were subsequently fixed in 10% formalin for pathological examination.
All patients who underwent a hysterectomy after a LEEP did so though an abdominal, vaginal, or laparoscopic route as indicated, based on the preference of the attending physicians and the indication for hysterectomy. The latter included 134 patients with positive cone margins or positive endocervical cytology obtained immediately after a LEEP (endocervical cytology), 44 patients with gynecological disease (uterine myoma or adenomyosis), six patients with poor compliance with follow-up, and five patients with cancer phobia. For statistical analysis, residual disease was defined as the presence of CIN 2, CIN 3, or invasive cancer in the hysterectomy specimens.
The study protocol was evaluated and approved by the Institutional Review Board at CNUH.
Hybrid capture II assay
The samples were collected by placing a cytobrush into the exocervix and rotating the brush 3 times. The sample was kept frozen at −20°C in a collection tube (Digene Co.) until needed. The denatured single-strand DNA was hybridized with a RNA researcher of the mixed HR-HPV group. This reaction mixture was placed in microtiter wells coated with primary antibodies for the RNA/DNA hybrid. Following RNA/DNA hybrid-antibody bonding, the mixture was incubated with alkaline phosphatase-conjugated secondary antibodies, washed, and lumi-Phospho 530 was added, to react with the dioxetane-based chemiluminescent substrate. Alkaline phosphatase was added to obtain luminescence, which was measured using a luminometer and expressed in relative light units (RLUs). The solution containing 1 pg/mL HPV-16 DNA was used as a positive control for the HR-HPV group. The RLUs for all samples were set to the degree of relative brightness in comparison to the positive control. This ratio was considered positive at a value of 1.0 or greater, and negative at a value of 1.0 or less. The samples were analyzed for the presence of the 13 types of HR-HPV (16, 18, 31, 33, 35 , 39, 45, 51, 52, 56, 58, 59, and 68).
HDC test
We used the HDC, a PCR-based DNA microarray system, as a HPV genotyping method. The HDC contains 24 type-specific probes; 15 probes are HR types (16, 18, 31, 33, 35, 39, 45 , 51, 52, 53, 56, 58, 59, 66, and 68) and 9 probes are low-risk types (6, 11, 34, 40, 42, 43, 44, 54 , and 70). Briefly, DNA was isolated from a swab sample using a DNA isolation kit (MyGene Co.), and target L1 regions of HPV DNA were subsequently amplified and labeled using a single dye (indocarbocyanine-dUTP; NEN Life Science Products Inc., Boston, MA, USA). The PCR products of all samples were detected using electrophoresis with a 2.5% agarose gel. The samples were mixed with a hybridization solution (MyGene Co.), and hybridization was performed at 43°C for 90 minutes. The hybridized HPV DNA was visualized using a DNA chip scanner (Scanarray Lite, GSI Lumonics, Ottawa, ON, Canada). Fifteen types of HR-HPV positivity were used to assess the HDC performance. 
Statistical analysis

RESULTS
Of the 189 patients, 92 (48.7%) had residual disease in their hysterectomy specimen. The residual disease was found to be CIN 2 in seven patients, CIN 3 in 79 patients, IA1 cancer in five patients, and IA2 cancer in one patient. The mean lag time between the LEEP and the hysterectomy was 31.7 days (range, 9 to 171 days). The HPV detection rate of the HDC was The characteristics of the 189 eligible patients are listed in Table The concordant and discordant results between the 2 HPV tests are summarized in Table 2 . The overall agreement between the 2 tests was 99.5%, with a κ value of 0.886. All 184 HR- HPV-positive specimens, as measured by the HC2, were also positive on the HDC. Among the five patients who measured negative with the HC2, the HDC was also negative in 4 (80.0%). When the HDC was compared with the HC2, discordant results were only observed in one patient, showing HC2-negative/HDC-positive results. Genotyping of this 1 HC2-negative/ HDC-positive case revealed the presence of HPV-53.
The distribution of prevalent HR-HPV genotypes in residual disease as measured by the HDC is presented in Table 3 . Of the 185 patients with HPV infection, 161 tested positive for a single type of HPV, and 24 tested positive for multiple types of HPV. There were no significant differences between the residual and non-residual groups with respect to infection with single or multiple types of HPV (p=0.81). Among the 92 patients with residual disease, a single HR-HPV infection was positive in 85.2%. HPV-16 (33.3%) was the most prevalent single HR-HPV infection type, with the next most common types being HPV-18 (16.4%), HPV-52 (9.5%), and HPV-58 (8.5%). Of the 92 patients with residual disease, 75 patients (81.5%) had positivity to HPV-16 or HPV-18. HPV-16 and HPV-18 were associated with a significantly higher risk of residual disease than the other HPV genotypes (respective p=0.02 and p<0.001).
Our data produced the ROC curve shown in Fig. 1 . The ROC curve was used to determine the most useful HPV viral load level in the prediction of residual disease in a subsequent hysterectomy following a LEEP for CIN 3. The area under a ROC curve (area under the curve, AUC), with a value of 1.0, corresponds to a 100% accurate prediction of the outcome, while an AUC of 0.5 equates to a toss of a coin probability of the correct prediction being made. In the present study, the point on the curve closest to the upper left corner corresponds to a threshold HPV viral load level of 220 RLU. The AUC for HPV viral load was 0.663 (p<0.01). At this cut-off level, the HPV viral load was able to predict residual disease with a sensitivity of 65.2%, a specificity of 70.1%, and an accuracy of 67.7%. In the multivariate logistic regression model, the odds ratio (OR) was adjusted for covariates. According to this analysis, the independent factors that are significantly predictive of residual disease following conization were cone margin positivity (OR, 2.43; 95% CI, 
DISCUSSION
Conservative treatment with a LEEP is both a diagnostic and therapeutic procedure that can effectively eradicate CIN 3 at every stage of a woman's life [9] , and it is important to avoid any residual disease in the remaining cervix following a LEEP. Therefore, the prediction of the probability of post-LEEP residual disease in patients with CIN 3 is important for patient counseling and management.
Although the cone margin status of LEEP specimens has been proposed as an accurate predictive factor for residual disease after a LEEP for CIN 3 [9] , a free margin does not always indicate complete excision, due to the possibility of multifocal lesions or inadequate specimen tissue resulting from ablative conization. Residual disease can be found in up to 23% to 31% of patients with cone margin negativity [10, 11] , and in addition, it is not found in up to 37% to 60% of patients with cone margin positivity [6, 10] . Therefore, the identification of patients for a hysterectomy based on cone margin status alone would likely result in the over-treatment or under-treatment of many women. In our series, 41.3% of patients were over-treated and 28.6% were under-treated based on cone margin status. These findings are similar to those shown in previous reports [6, 10, 11] ; therefore, it is clear that more accurate predictive factors are required.
Endocervical cytology obtained immediately after a LEEP was identified as a highly significant pathological parameter to predict residual disease in subsequent hysterectomy specimens [10, 12, 13] . The residual disease rate was 74% to 89% when endocervical cytology was positive, compared with 25% to 26% of residual disease when endocervical cytology was negative [12, 13] . Moore et al. [10] highlighted that positive endocervical cytology was significantly associated with residual disease (OR, 2.1). Schermerhorn et al. [14] reported that 8 out of 12 patients (67%) with both positive cone margin and endocervical cytology had residual dysplasia compared with 3 out of 17 patients (18%) with a negative cone margin and positive endocervical cytology. Kobak et al. [15] emphasized the need for routine postcone endocervical cytology, whether for the prediction of post-cone residual disease or for the diagnosis of occult invasive cancer. Our results show that positive endocervical cytology was an independent predictive factor for residual disease (OR, 8.97; 95% CI, 3.81 to 21.13; p<0.001). The sensitivity, specificity, and accuracy of positive endocervical cytology in predicting residual disease were 62.0%, 85.6%, and 74.1%, respectively.
Little is known about the use of the HR-HPV test in predicting residual disease in a subsequent hysterectomy following conization [6] . It has been reported that patients were arbitrarily divided according to the median HPV viral load of the total patients, and that a HPV viral load ≥300 RLU was a predictive factor for residual disease (OR, 2.96; 95% CI, 1.1 to 8.1; p=0.034). In the current study, a ROC curve was used to determine the most useful HPV viral load level in predicting residual disease, and a HPV viral load level of 220 RLU was shown to have the most predictive power. The AUC for HPV viral load was 0.663 (p<0.01). At this cutoff level, in the multivariate analysis, a HPV viral load ≥220 RLU was found to be an accurate predictive factor for residual disease (OR, 2.98; 95% CI, 1.38 to 6.43; p<0.01).
The HDC is a newly developed biotechnology that may be applied to the detection and typing of HPV. By comparing the results of the HPV DNA sequencing using the same samples, the accuracy of the HDC in the detection and typing of HPV in cervical lesions was shown to be 257 out of 282 cases (91.1%) [16] . In the current study, the degree of concordance between the HDC and the HC2 was 99.5% (Cohen's κ, 0.886 [near-perfect agreement]), and the HPV detection rate determined by the HDC was comparable to that determined by the HC2. In one of our previous studies assessing the concordance between both HPV tests in 672 patients with CIN 2-3, the overall agreement between the 2 tests was 97.3%, with a κ value of 0.815 (near-perfect agreement) [17] . The HPV detection rate determined by the HDC was comparable to that determined by the HC2 in patients with CIN 2-3.
We have shown that the residual CIN 3 rate in women containing HPV-16 and HPV-18 at the time of LEEP is significantly higher than in women with other HPV genotypes. Our results are in line with previous findings that HPV-16 and HPV-18 exhibits a lower clearance rate than other HPV types and an increased CIN 2/3 risk [18] . Among the 92 patients with residual disease, 75 patients (81.5%) had positivity to HPV-16 or HPV-18 irrespective of coinfection. HPV-16 and HPV-18 were associated with a significantly higher risk of residual disease than other HPV genotypes (p=0.02 and p<0.001, respectively). In the multivariate analysis, a positive cone margin, HPV viral load ≥220 RLU, positive endocervical cytology, and positivity to HPV-16 or HPV-18 were predictive of residual disease. Of these significant parameters, positivity to HPV-16 or HPV-18 is a strong independent predictive factor of residual disease in a subsequent hysterectomy following a LEEP for CIN 3 (OR, 9.07; 95% CI, 3.86 to 21.30; p<0.001).
Although several studies have found that old age, high parity, and menopausal status were predictive of residual disease [7, 10, 13, [19] [20] , other studies have reported no association [21] . Here, we found no significant association between the probability of residual disease and age, parity, or menopausal status.
To our knowledge, the current study is the first to analyze whether the HR-HPV genotype is predictive of residual disease in a subsequent hysterectomy following a LEEP for CIN 3. The most significant finding of this study is that positivity to HPV-16 or HPV-18 is an independent predictive factor of residual disease after a LEEP for CIN 3. The limitations of our study include the inherent biases of the retrospective nature of the design. We were unable to evaluate both the size of CIN 3 lesion (e.g., demonstrated by Lugol's solution) before LEEP and the matched volume of the resected specimen in the same patient for evaluating the appropriateness of LEEP. In addition, this study has the potential selection bias. There are approximate 30% of patients who underwent hysterectomy for benign indications; benign patients have a lower possibility of residual disease than those who have CIN 3 related indications for hysterectomy. Also, the follow-up period was relatively short to identify spontaneous regression and the HDC for verifying the HR-HPV genotype has not been approved by the Food and Drug Administration.
In conclusion, the HR-HPV genotype is a reliable prognostic marker of residual disease following a LEEP for CIN 3, and is more accurate than the HPV viral load, endocervical cytology, or cone margin status at the time of the LEEP. Although this finding requires substantiation in a further large-scale prospective investigation using standardized PCRtechniques for HPV detection, HPV-16 and HPV-18 should be considered as a risk factor for residual disease after a LEEP for CIN 3 and such patients warrant special attention with compulsive follow-up.
